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ABSTRACT
The National Environmental Satellite, Data, and Information Service (NESDIS) acquires and manages the Nation's
operational environmental satellites. NESDIS environmental satellite observations support a variety of civil and
military environmental monitoring missions, including weather and climate prediction. A key input to weather
forecast and climate models are atmospheric sounder observations from polar-orbiting satellites. These satellites are
traditionally large, complex, and expensive, and take several years to design and build. The community must look for
ways to reduce the cost and complexity of environmental satellites while meeting weather and climate sensing needs.
This paper describes a new IR sounder concept that significantly reduces the size, mass, complexity, and consequent
costs. This is accomplished through higher spectral resolution and the use of new large-area focal plane arrays,
combined with novel dispersive optical design. In this design, one spectrometer with one FPA is required to perform
both temperature and humidity sounding by imaging both bands onto the same FPA with an order sorting filter to
separate the two bands.
This paper details the design of the sensor and validation of sensor noise performance. Additionally, a thermal and
spacecraft design are discussed to show the feasibility of a small-satellite scale instrument.
Subsequent studies have reinforced the value of
atmospheric sounding2,3, prompting the development of
two additional instruments, the Cross-track Infrared
Sounder (CrIS) on the Suomi NPP satellite, and the
Infrared Atmospheric Sounding Interferometer (IASI),
on EUMETSAT’s MetOp-A. Both CrIS and IASI utilize
Fourier transform infrared (FTIR) spectroscopy to obtain
sounding data in the SWIR, MWIR, and LWIR. While
FTIR instruments provide high spectral resolution, they
are large and complex, and do not scale well for use at
GEO.

INTRODUCTION
The National Environmental Satellite, Data, and
Information Service (NESDIS) acquires and manages
the Nation's operational environmental satellites.
NESDIS observations support a variety of civil and
military environmental monitoring missions, including
weather and climate prediction. Part of that mission
includes acquisition of vertical profiles and atmospheric
parameters (i.e. “soundings”), which have become
critical input data to the current generation of global
weather modeling algorithms since the launch of the
Atmospheric Infrared Sounder (AIRS) on board
NASA’s Aqua (EOS PM-1) satellite. Flying in a polar
orbit, the AIRS instrument is a passive optical sensor that
uses a dispersive spectrometer with three sensitivity
bands in the infrared (IR) regime of the electromagnetic
spectrum, ranging from 3.74 to 15.4 μm. When AIRS
data was incorporated into weather prediction models, it
extended accurate weather forecast capability by several
hours1.
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This paper describes the concept of a small satellitebased IR atmospheric temperature and humidity sounder
with a significant reduction in complexity, and size,
weight, and power (SWaP) in comparison to the
currently flown instrumentation. These reductions are
made possible through state-of-the-art, digital focal
plane arrays (FPAs) combined with a novel optical
design. This allows a single spectrometer and FPA to
detect both atmospheric carbon dioxide absorption and
water vapor (corresponding to temperature and
humidity) with high spectral resolution, thereby
1
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improving the quality of sounding data (especially in the
lower troposphere), and enhancing severe weather
prediction.

reducing SWaP in the next generation of atmospheric IR
sounders. A few coverage schemes have been proposed.
In 1977, Kaplan et al. proposed using 13 spectral
channels from 4.179-4.235 μm (2360.8 – 2392.39 cm-1)
with FWHM bandwidths of 0.2 cm-1 for temperature
profile calculation6. However, at the time of publishing,
focal plane array (FPA) technology was not sufficiently
advanced to provide measurements with the required
signal to noise ratio (SNR) for accurate sounding data
reconstruction over the narrow bandwidth. As a result,
Kaplan et al. went on to propose using both the 4.3 μm
and the 15 μm CO2 bands for temperature sounding at
larger spectral bandwidths, 2 and 0.5 cm-1, respectively.

In this paper, we first discuss the design of the sensor,
starting with the selection of the sensor’s wavelength
coverage and scan geometry. The design of the sensor’s
spectrometer and telescope are discussed, as well as the
noise performance of the sensor. Next, the preliminary
design of the system’s thermal control system is given to
show that the cooling needs of the sensor can be met on
a small satellite platform. Last, we provide a design for
the spacecraft of the sounder. Here, we assume the
sounder will be launched as a secondary payload
mounted on an ESPA ring, again to illustrate the
feasibility of flying the IR sounder on a small satellite.

More recent sounder concepts which exclusively use the
MWIR for temperature sounding include Moderateresolution Infrared Imaging Sounder (MIRIS)7 and
MISTiCTM Winds8. Both instruments are dispersive
spectrometers with continuous wavelength coverage
from 3.7 – 5.32 μm and 4.082 – 5.72 μm, respectively.
MIRIS has a spectral bandwidth of 1.66 cm-1, and
MISTiC Winds has a minimum spectral resolution of
~2.91 cm-1. These concepts show the potential of MWIR
sounding, but preliminary published results do not show
significant improvement over current sounding
capabilities. In contrast, Crevoisier et al. investigated the
effect of spectral resolution and sensor noise on
measurement accuracy as part of the IASI-NG
development3. While this study used both LWIR and
MWIR, the IASI-NG study showed that both lower noise
and finer spectral resolution (0.25 cm-1) improve the
sounding of the lower troposphere.

SENSOR DESIGN
See Table 1 at the end of this section for a list of sensor
specifications.
Wavelength Band Selection
Atmospheric temperature and humidity sounding data
are key inputs to weather models4,5. Both these
parameters can be determined by measuring atmospheric
absorption in the infrared. Humidity sounding data is
calculated from measurements of water vapor absorption
in the atmosphere, and typically uses the H2O band
centered in the mid-wave infrared (MWIR) at 6.3 μm.
Because it is well mixed in the atmosphere,
measurements of atmospheric CO2 are used to construct
temperature sounding data. Temperature sounding
typically uses two strong absorption features at 4.3 and
15 μm. Because the 15 μm band is closer to the peak
Plank emission, (i.e. more light is emitted in this band),
it is the more common of the two features used for
temperature profile calculations. Additionally, current
models use the 15 μm band to assist in cloud clearing.

The IR sounder proposed here combines both MWIR
sounding and fine spectral resolution by selectively
sampling the MWIR with the temperature band between
4.179 – 4.235 μm and the humidity band between 5.1 –
5.448 μm. These two spectral bands are imaged
adjacently onto the FPA, allowing for a higher spectral
resolution than a traditional continuous dispersive
spectrometer design with the same FPA. The sampling
interval of the temperature and humidity bands are 0.35
nm and 0.42 nm, respectively. This translates to
sampling intervals of 0.2 cm-1 at low end of the
temperature band and 0.16 cm-1 at the low end of the
humidity band.

Despite the signal advantage of measuring in the longwave infrared (LWIR), instruments designed for
operation at 15 μm face a unique set of design
complications. Due to the fundamental diffractive nature
of light, measurements in the LWIR require systems with
a larger collection aperture to achieve the same
resolution as systems performing measurements in the
MWIR. To first order, maintaining resolution between
MWIR (5.3 μm) and LWIR (15 μm) systems with the
same focal length requires optical components ~2.8
times larger in the LWIR case. Additionally, the market
for MWIR detectors is much larger than for LWIR
detectors, significantly reducing MWIR detectors’
relative cost and risk.

To illustrate the atmospheric sensing capabilities of these
wave bands, the weighting functions were calculated
from the total upwelling radiation. The total upwelling
radiation, Lλ, observed at the top of the atmosphere at
wavelength λ is given by the equation.

For these reasons, calculating temperature profiles using
only the 4.3 μm MWIR band is an attractive option for
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𝐿𝜆 = 𝐿0,𝜆 𝜏𝜆 (𝑃0 ) +

∫
ln 𝑃0

𝐵𝜆 {𝑇(𝑃)}

𝑑𝜏𝜆 (𝑃)
𝑑𝑙𝑛𝑃

𝑑𝑙𝑛𝑃

To demonstrate an operational capability on par with the
current generation of IR sounders, the scan geometry
(altitude of 833 km and swath width of 2200 km) of CrIS
was used as a starting point for this proof of concept
design. These requirements defined a telescope with a
100o field of view (FOV). The ground sample distance
(GSD) is 3 km at nadir, compared with CrIS’ GSD of 14
km, which allows for flexibility to either co-add pixels
to reduce data volume and improve SNR or to have a
small footprint and improve cloud clearing.

(1)

where P is atmospheric pressure (i.e. altitude), 𝜏𝜆 (𝑃) is
the transmisivity from pressure P to the top of the
atmosphere, T(P) is the temperature at pressure P, L0,λ is
the radiation emitted from the surface of the earth, P0 is
the pressure at the surface of the earth, and 𝐵𝜆 (𝑇) is the
radiation emitted by a blackbody at temperature T.
𝑑𝜏 (𝑃)

The term − 𝜆
, called the weighting function,
𝑑𝑙𝑛𝑃
determines where the observed light originates, and thus,
which layers of the atmosphere can be probed by the
wavelength λ.
Figure 1 shows the weighting function intensity as a
function of wavelength (x-axis) and atmospheric
pressure (y-axis) for both the temperature (top) and
humidity (bottom) bands for the spectral sampling
above. These weighting profiles were generated by
numerical differentiation of transmission profiles taken
from the MODTRAN 5.3 mid-latitude summer model
atmosphere9. From Figure 1, it can be seen that
weighting profiles rapidly oscillate between high and
low pressures as a function of wavelength. Having a fine
spectral sampling allows the instrument to resolve these
features, probing a large range of atmospheric layers in
a relatively narrow wavelength range. Analysis of the
sensor’s weather measurement accuracy and vertical
resolution is on-going and will be detailed in a later
paper.
Scan geometry
Two options were considered for data collection,
whiskbroom scanning and pushbroom collection. In a
whiskbroom approach, a scan mechanism is used to scan
the field of view (FOV) of the sensor perpendicular to
the motion of the spacecraft as it orbits the Earth to
collect a swath of data. In contrast, the pushbroom
approach uses a telescope with a large FOV to collect the
entire swath of data at once, allowing for longer dwell
times for a particular sample point on the Earth. While
some satellites have used the scan mechanism to their
advantage by incorporating radiometric calibration into
the scan motion, the need for frequently moving
components adds to the SWaP and complexity of a
system. In contrast, the pushbroom approach requires a
telescope with a larger FOV, which is a small increase in
the complexity of the telescope but removes the need for
a scan mechanism. For this concept, the pushbroom
approach was chosen.
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Figure 1. Atmospheric weighting functions.
𝒅𝝉 (𝑷)
Scale bar − 𝝀 . A) Band 1: Temperature, b)
𝒅𝒍𝒏𝑷
Band 2: Humidity

Spectrometer and Telescope Design
The spectrometer is a refractive, Littrow design with a
low-order echelle dispersion grating10. The telescope has
a focal length of 5 mm and a collection aperture of 2.5
mm. When mounted in aluminum, the total weight of the
spectrometer and telescope is approximately 3 kg, and
has an overall diameter of 105 mm, and a length of 320
mm; roughly the same size and weight as a liter soda
bottle. The telescope and spectrometer are shown in
Figure 2.
3
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Figure 2: Optical subsystem model
Order Sorting Filter
When the light from the grating reaches the focal plane,
the different diffracted orders overlap each other, and it
is necessary to have an order sorting filter (OSF) to
distinguish one order from another. For example, in this
design the 5th order light arriving at the FPA starts at
5.014 μm and goes to 5.448 μm, and the 6th order light
goes from 4.179 to 4.54 μm. Thus, the design of the OSF
balances wavelength coverage, spectral sampling, and
grating efficiency by controlling the grating orders used
and the location of the filter blocks in the OSF. Generally
speaking, the wavelength coverage and the spectral
sampling trade against each other in that a larger
wavelength coverage results in a poorer spectral
sampling. The grating efficiency constrains which orders
can be used together in a design. For the wave bands
chosen, the optimal balance of these factors was found
when the humidity band used the 5th diffracted order and
the temperature band used the 6th diffracted order as
shown in Figure 3. By using the echelle grating with the
order sorting filter, discrete wavelength bands can be
imaged onto one FPA. This reduces the size and weight
of instrument, while providing high spectral resolution.

Figure 3: Layout of order sorting filter on left with
grating orders and passbands of the filter regions on
right
Table 1: Optical Subsystem Specifications
Specification

Value

Spectrometer
Band 1: Temperature (CO2)
Range (μm)
Spectral sampling

4.179 - 4.235

(nm)/(cm-1)

Number of samples

0.35 / 0.2
160

Band 2: Humidity (H2O)
Range (μm)

5.1 - 5.448

Spectral sampling (nm)/(cm-1)

0.42 / 0.16

Number of samples

828

Telescope

Focal Plane Array
The digital FPA in this concept uses a HgCdTe detector
with a cutoff wavelength of approximately 5.5 μm.
These FPAs have several advantages over the older
analog FPAs by integrating the analog to digital
conversion with the FPA chip. The electronics of the
detector subsystem are simplified, leading to lower
power, complexity, and noise.

Focal length (mm)

5

Field of view (degrees)

100

f/#

2

Aperture (mm)

2.5

Scan geometry
Swath width (km)

2228

GSD at nadir (km)

3

Altitude (km)

833

Optical system
Size (mm)

Lampen
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Weight (kg)

105 diameter x 320
length
3

FPA cooling (K)

90

Optical elements cooling (K)

120
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Using the signal chain analysis, a trade study was
performed on the temperature of the optical system to
determine the necessary cooling levels for the thermal
analysis in the following section. Through the trade
study, it was determined that no significant improvement
in noise performance was found in cooling the optical
elements lower than 120 K.

Sensor Performance
An end-to-end signal chain analysis was performed to
evaluate the system’s performance as a function of
wavelength. The model incorporated signal photon
noise, near field photon noise, detector thermal noise,
read-out integrated circuit (ROIC) noise, and dark
current noise. The signal photon noise was derived by
using MODTRAN 5.3 software9 to simulate upwelling
radiance from the Earth, as shown in Figure 4a. All
results shown were produced using the standard
MODTRAN mid-latitude summer atmosphere. The near
field photon noise was calculated by representing the
system body as a 120 K black body cavity. The detector
thermal noise, ROIC noise, and dark current were
evaluated for the FPA held at 90 K. The resulting noiseequivalent temperature difference (NEDT) at 280 K and
noise-equivalent spectral radiance (NESR) are shown in
Figure 4 (b-d). Based on published NESR and NEDT,
preliminary sensor performance of the IR sounder is
comparable to CrIS or IASI noise levels3,11.

Payload Model
To complete the discussion of the sensor design, the
spectrometer and telescope are shown mounted in Figure
5, along with a radiation shield to keep the optical system
isothermal. A flex cable attaches to the FPA assembly to
cool the FPA and optical elements. Additionally,
isolators in a hexapod configuration connect the
radiation shield to the rest of the spacecraft. These
isolators use a long thermal load path to provide
additional thermal isolation. The thermal control design
will be discussed in more depth in the next section. As
shown in Figure 5, the dimensions of the package are 388
x 140 x 140 mm, compatible with a small satellite sized
spacecraft.

Figure 5. Payload model including telescope,
spectrometer, and radiation shield. Dimensions in
mm.
THERMAL CONTROL SYSTEM
To show that the cooling needs of the sounder could be
met on a small satellite platform, a baseline thermal
control system (TCS) design was performed, including
one single-stage mechanical cryocooler to cool the FPA
and spectrometer to 90 K and 120 K, respectively. A

Figure 4: Sensor performance. Left plots:
Temperature band, Right plots: Humidity band. (a)
Brightness temperature reaching sounder, (b) NESR
(μW / sr cm2 μm), (c) For comparison to other
sounders, NESR (mW / sr m2 cm-1), (d) NEDT
Lampen
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schematic of the TCS concept is provided in Figure 6.
The detector and optical assembly are enclosed by a
room temperature radiation shield with minimum
surface area to limit IR energy exchange to the cold
components. A dual flexible conductive link (FCL) is
used to couple the sensor system to the cold tip. Low
conductance mounts are required to limit conductive
heat leaks into the cold system. Heat generated by the
cryocooler is transported by constant conductance heat
pipes (CCHPs) to a payload radiator sized to reject both
cryocooler and payload electronics heat. The total
radiator area is approximately 0.55 m2 on a nonilluminated surface and fits the envelope of a small
satellite environment.

Table 2: Cryocooler requirements
Requirement

Value

Heat Lift (W)

6.4

Cold Tip Temperature (K)

87

Total Cooler Power (TMU + Electronics) (W)

< 120

Cold Tip Vibration Export (mN) (TBF)

< 200

Mission Life (years)

>2

System Trade Studies
A number of system-level trade studies were performed
to arrive at the current TCS architecture. Some trades
are still on-going. A brief description of each of the
design considerations are summarized below.
Dual cryocoolers
A reduction in the specific power (TMU input power /
cold tip heat lift) requirement at warmer cold tip
temperatures allows the dual cryocooler option to
potentially be a more power-efficient design, particularly
given that 70-75% of the refrigeration load originates
from the warmer temperature optics. Early calculations
showed that the total cryocooler power requirement
would decrease by upwards of 30% with the twocryocooler design. This option is not being pursued at
this time for the following reasons: 1) system reliability
would decrease due to an additional non-redundant
cryocooler system, 2) cryocooler efficiency may not
scale equally at lower strokes or with lower capacity
cryocoolers, 3) additional considerations would be
required for dealing with resonant harmonic frequencies
from two vibration sources. A two-stage cryocooler is
an alternative to address all of these issues. However,
there are no tactical two-stage cryocoolers available in
the market at this time. The aforementioned heat
interceptor concept will be explored as a viable
alternative.

Figure 6: TCS schematic
Requirements for the cryocooler are shown in Table 2.
Based on preliminary analyses, the cryocooler must be
able to reject 6.4 W of heat at a cold tip temperature of
87 K with a total power less than 120 W. Efforts to
reduce the cold tip heat load will continue as the design
matures. A more efficient design may be realizable by
using a heat interceptor along the cold finger to cool the
optics to a warmer boundary. For conservatism, the
current design predictions do not take this option into
account. In order to constrain cost, we selected tactical
cryocoolers and commercial electronics. The growing
trend of cost-constrained space payloads has made this a
market of interest for a number of tactical vendors. A
tactical cryocooler, such as the Thales LSF9330 or
Sunpower CryoTel CT, meets the required specifications
of the IR Sounder. Development efforts are currently
being performed at Iris Technology to build spacequalified cryocooler electronics (CCE)12,13. With its
modular architecture, the Iris CCE is a favorable
candidate for driving the IR Sounder cryocooler.

Lampen

Radiator placement
Early estimates for radiator sizing were based on
optimized placement for a 14:00 sun-synchronous orbit.
Based on the expected orbit attitudes, the +Y surface of
the bus (assuming +X-Ram and +Z-Nadir) would be an
ideal candidate to avoid direct solar loading. The
currently estimated radiator area assumes that the
radiator has no view of solar panels. It is possible that a
radiator of this size could require nearly the full envelope
of a small satellite class bus and thus create challenges
for solar array placement. The bus will carry a single
solar array pointing in the –Y axis to yield a 14% radiator
area reduction (already captured by the current estimate)
while maximizing power generation.
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has been developed to demonstrate the sounder
technology using a low-cost platform. Launched as a
secondary payload, the mission aims to first prove the
measurement technique followed by providing 2 years of
science data, demonstrating the functional capability of
the instrument. As the mission would be primarily a
technology demonstration, we assume a Class C/D
approach. Table 4 summarizes the potential mission.

Cryoradiator for spectrometer
Consideration was given to utilizing a two-stage
cryoradiator to cool the spectrometer. A survey of past
cryoradiators with the appropriate cooling capacities was
conducted. Radiator areas were generally on the order
of 0.5 m2 or greater. Adding the radiator area required
for the FPA cryocooler and flight avionics easily exceeds
the current baseline envelope. The cryoradiator was
deemed unnecessary as the payload is not constrained by
power availability at this time. Furthermore, the extreme
sensitivity of a cryoradiator to environmental loads could
restrict payload operation.

Table 4: Mission Design Summary
Specification

Design sink temperature
The thermodynamic efficiency of a cooler is strongly
tied to the hot sink temperature. The system thermal
design must find the optimal point between improving
the cryocooler efficiency by reducing temperature and
non-linearly reducing the heat rejection capacity of the
radiator. Vendor data for the Sunpower CryoTel CT 14
was used to evaluate this performance relationship.
Table 3 shows the relationship between cryocooler hot
sink temperature and various performance parameters.
A hot rejection temperature of 35°C was used as the
baseline design point.
Of the three operating
temperatures evaluated, the model suggests that
designing the cryocooler to operate at 45°C would yield
the smallest radiator area in spite of poorer cooling
efficiency due to increased radiator rejection capability.
Forward work is needed to ensure an acceptable
temperature difference between the cryocooler and
radiator for these results to apply.

CC Heat
Rejection
Temperature
[°C]

SP @
87 K
[W/W]
(*)

SP +/- %
Relative
to 35°C
CC Hot
Sink

Radiator
Capacity
+/- %
Relative
to 35°C
CC Hot
Sink

23

12.1

-7.6

-14.4%

0.61

35

13.1

+/-0%

+/-0%

0.55
(***)

45

14

+7.0%

+11.6%

0.50

Radiator
Area
[m2] (**)

Spacecraft Wet Mass (kg)

92.5

Propellant Mass (kg)

5.6

Spacecraft Launch Mass (kg)

94.5

Bus Density (kg/m3)

204

Launch Vehicle

ESPA Ring

Launch Vehicle Mass Margin
(kg)
Power Generated (EOL) (W)

85.5 (90.5%)

Solar Array
Design/Deployment
Solar Cell Efficiency

1 Wings, Deployed Articulated

2

Table 3: System performance sensitivity study

Value

334.9

28.5% GaAs

Solar Array Area (m )

2.2

Bus Voltage (V)

28.0

Battery Capacity (A-hr)

22.0

Attitude Stabilization

momentum bias

Attitude Pointing

Nadir and Ram

Delta V Capability (m/s)

116.0

Data Storage Size (Gb)

49.2

Propulsion System

Mono_N2H4

Bus Shape

Rectangle

Radiator Area (m2)

1.1

Rideshare
To maintain low-cost, the mission assumes a rideshare
opportunity will be provided to an 833 km sun
synchronous orbit. Sun-sync orbits are a popular
destination for Earth science and weather missions,
increasing the potential rideshare opportunities. Various
rideshare deployment method exist for varying sizes of
missions, from 1 kg CubeSats to 1000 kg dual manifests.
The EELV Secondary Payload Adapter (ESPA)15 chosen
for this mission is one example of the rideshare adapters
that could be used to provide low-cost access to space.

Notes: SP = Specific Power, CC = Cryocooler
(*) Based on Sunpower CryoTel CT heat lift with 160 W TMU
input power
(**) Assume 15% inefficiency for CC electronics
(***) Normalized for 90 W TMU input at 35°C

Orbit
IR SOUNDER SPACECRAFT

The sun-sync orbit enables the sounder to have
consistent lighting conditions during every orbit. While
the sounder mission is dependent on a rideshare
opportunity, an example orbit has been selected for the
baseline mission.

Mission Overview
To further illustrate the feasibility of flying the IR
sounder on a small satellite platform, a potential mission
Lampen
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Table 5 and Figure 7 describe the nominal sun-sync orbit
selected for the mission. In order to meet reentry
requirement of 25 years, the spacecraft will perform a
maneuver at the end of mission operations to reduce
perigee to 400 km, resulting in an uncontrolled reentry
within 10 years.

momentum biased stabilization approach, maintaining
the payload deck of the spacecraft pointed toward the
earth at all times. Reaction wheels and minimal impulse
thrusters provide the necessary control of the spacecraft
while sun sensors and star trackers provide attitude
determination. The spacecraft is powered by a gimbaled
2 m2 rigid-panel solar array that maintains sun pointing
throughout the life of the mission. A small 22 Ahr Liion secondary battery supports the spacecraft and
payload loads during eclipse. A small monopropellant
propulsion system is used for momentum unloading as
well as the de-orbit burn at the end of the mission. The
S-band communication system utilizes a patch antenna
to provide a 3 Mbps data link to Fairbanks, Svalbard,
McMurdo and Troll ground terminals. This data link
provides up to 2500 Mb of data every orbit. The
spacecraft structure has been defined by the ESPA
volumetric constraints as defined by the ESPA Rideshare
User’s Guide and a mass fraction of 18%. Table 6, Table
7, and Figure 8 provide a mass and power summary and
crude depiction of the spacecraft.
Table 6: Mission Mass Summary

Spacecraft Total

Figure 7: Mapping of nominal sun-sync orbit
Table 5: Nominal sun-sync orbit characteristics
Mission Orbit Characteristics

Value

CBE Mass
(kg)
71.5

15.4

Mass
Total (kg)
86.9

Cont. (kg)

Payload Total

10.0

3.0

13.0

IR Sounder

10.0

3.0

13.0

Bus Total

61.5

12.4

73.9

Attitude
Determination and
Control

6.1

1.5

7.6

Command and Data
Handling

5.0

0.2

5.2

Communications/
TT&C

6.1

0.2

6.3

Electrical Power

14.6

4.7

19.2

Propulsion

8.4

2.1

10.5

Mission Orbit type

Sun Synch, 14 hr
Ascending Node

Mission Orbit Velocity at Apogee (km/s)

7.4

Mission Orbit Velocity at Perigee (km/s)

7.4

Structure/
Mechanisms

15.6

2.3

18.0

Longest Case Eclipse Duration (min)

35.1

Thermal Control

5.7

1.4

7.1

Minimum Daylight Time (min)

66.5

Mean # Eclipse Cycles (total lifetime)

10357

Number of Orbits in Mission Life

10357

Spacecraft
The IR Sounder spacecraft will be responsible for
supporting the mission requirements once separated
from launch. The single string spacecraft employs a
Lampen
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flown in a geostationary orbit as part of a hosted payload.
To be used in this way, the spectrometer design and size
would be maintained, and the telescope would be
changed to accommodate a GEO scan geometry. For a 2
km GSD at GEO, the telescope would need an aperture
of approximately 13 cm; this is still small in comparison
with other satellites that rely on LWIR measurements
currently flying at GEO.

Table 7. Mission Power Summary

Spacecraft Total

CBE
Power (W)
218.9

50.5

Power
Total (W)
269.4

Cont. (W)

Payload Total

150.0

45.0

195.0

IR Sounder

150.0

45.0

195.0

Bus Total

68.9

5.5

74.4

Attitude
Determination and
Control

15.7

3.9

19.7

Command and Data
Handling

30.0

0.9

30.9

Communications/
TT&C

17.3

0.5

17.8

Electrical Power

5.2

0.0

5.2

Propulsion

0.7

0.2

0.8

Structure/
Mechanisms

0.0

0.0

0.0

Thermal Control

0.0

0.0

0.0

CONCLUSIONS
In this paper we have demonstrated the feasibility of a
small-satellite IR sounder concept. We described the
design and trades of the sensor including wavelength
coverage, scan geometry, and design of the order sorting
filter. Next, the discussion of the thermal control system
included design of the system and the trade-offs
considered such as the use of dual cryocoolers or
cryoradiator, and radiator placement. Last, we concluded
the paper with a discussion of a potential mission and
spacecraft to fly the IR sounder on a small satellite.
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